Introduction
Shigella species annually cause an estimated 164.7 million cases of shigellosis worldwide, resulting in 1.1 million deaths (1) . Shigellosis as an endemic disease in Iran is one of the major causes of morbidity in children with diarrhea in this country (2) (3) (4) . There are many ways for detection of Shigella species including conventional culture and molecular methods (5) . Conventional methods are usually problematic process and require several days to give results (6) . Moreover, these methods are relying on the viable organisms to multiply in media. Taken as a whole, conventional methods have less sensitive because there is not enough number of organisms in some specimen and the numbers of organisms decrease during specimen transport (5) . In many studies, molecular methods for detection of Shigella spp. and other intestinal pathogens have been developed (7) (8) (9) (10) (11) . Multiplex PCR is one of molecular methods that have been used frequently in many studies because of rapidity and its capability for simultaneous detection of several microorganisms in a single sample (12) . The genus of Shigella has four species that are able to cause severe disease in humans. S. sonnei is the major cause of shigellosis in industrialized countries. Otherwise S. flexneri is the most prevalent Shigella serotype in developing countries (13) (14) (15) . S. dysenteriae is usually the cause of epidemics of dysentery is detected mostly in South Asia and subSaharian Africa and S. boydii has been less frequently reported worldwide compared to other Shigella serogroups (16) . Of four species, three including S. sonnei, S. flexneri and S. boydii are common species in Iran (17) (18) (19) (20) .
This study aimed to develop a Multiplex-PCR assay for simultaneous detection of three most common Shigella species in Iran.
Materials and Methods

Bacterial species
Clinical Shigella isolates were recovered from patients with Shigella infections admitted to several hospitals including Children Medical Center, Emam Khomeini and Baqiatallah hospitals in Tehran, Iran, during 2008-2010. Bacterial positive controls were also used to check the specificity of the assay (Table 1 ). Subsequently, identification and confirmation of the reference and clinical strains were carried out by culture, biochemical and serological testing. 
Bacterial DNA extraction
Bacterial strains were grown on LB broth and incubated at 37°C for 24 hr. The culture of each Shigella isolate was centrifuged at 6000 RPM for 10 min. Genomic DNA of the Shigella strains was extracted using a DNA extraction Kit (Cat. No. 11 814 770 001, Roche, Germany) according to the manufacturer's instruction.
Genomic PCR targets and primers
We designed four sets of primers to amplify the target genes of Shigella spp. (Putative Integrase) and of three Shigella species including S. sonnei (Putative Restriction Endonuclease), S. flexneri (Putative Bacteriophage Protein) and S. boydii (Conserved Hypothetical Protein). The list of the primers and their sequences are presented in Table 2.
To avoid cross-reactivity with Shigella related bacteria and within each other Shigella species, genus and species-specific regions of the Shigella genome were considered to design the primers, respectively.
Table2: Shigella species and non-Shigella microorganisms included in this stud
Bacterial strains Shigella spp.
PCR results
S. flexneri specific-PCR results
S. boydii specific-PCR results
S. sonnei specific-PCR results
Reference
Shigella spp.
Campylobacter jejuni
PCR assay
First, a standard PCR assay was performed using standard (Shigella and non 
Results
The Shigella genus specific PCR produced the expected amplified DNA band in all Shigella species strains tested. Figure 1 shows the specific band of 159 bp obtained from standard and clinical isolates belonging to four Shigella species. Any positive reaction with non Shigella strains including Salmonella and Escherichia coli was detected. Standard PCR assays also produced the expected fragments of 248 bp, 503 bp, and 314 bp, for S. boydii, S. sonnei and S. flexneri, respectively. While S. dysenteriae was used as negative control for detection assay of three pathogenic Shigella species, any DNA band was not amplified using specific Shigella species primers (Fig. 1) . No non specific amplification products were observed with S. dysenteriae (as negative control) and non Shigella strains. Figure 2 shows the specific amplified bands obtained by multiplex PCR on the three pathogenic Shigella species.
Discussion
A specific PCR using Putative Integrase locus was evaluated for the rapid and specific detection of Shigella species. The results showed that this locus is an appropriate target for this purpose. This locus is conserved in all Shigella species and has not been studied previously.
A new multiplex PCR was also designed using four sets of primers to identify common Shigella species in our country. Accordingly, the designed method was successfully able to detect S. boydii, S. flexneri and S. sonnei. No nonspecific amplification was observed, confirming that this assay is specific for detection of these three most common pathogenic Shigella species in Iran. Several previous studies have used standard PCR for rapid detection of bacterial pathogens such as Shigella species. However, multiplex PCR deserves special interest because of the possibility to rapid and simultaneous detection and identification of several target genes in a single reaction (21) (22) (23) (24) (25) (26) (30) . This problem may be resulted from losing of virulence genes in some strains owing to plasmid-curing or hot spot regions for deletion (31) . The described assay showed to be specific for detection and differentiation of the three Shigella species tested. No false positive and negative results occurred during the assay indicating that target loci used in the study were specific for Shigella species. One of Shigella Multiplex PCR limitations is its inability to discriminate Shigella isolates from EIEC (32) . However, this problem was resolved by using specific primers so we found any cross reaction with EIEC, bioinformatically. Our results also showed that the multiplex PCR using four primers sets was able to detect Shigella species and to differentiate three species of Shigella simultaneously in a single reaction by the combinations of the different-size amplicons without any cross-reactivity.
Conclusion
The method presented here showed a good specificity and proved to be able to offer an important diagnostic tool for the rapid and simultaneous detection of the three most prevalent species of Shigella in Iran.
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